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aethalometer (Model AE-31, Magee Scientific, USA), and a tapered element oscillating 157 microbalance (Model 1405, Thermo Scientific, USA) were used to determine the number 158 size distribution of submicron particles and the mass concentrations of BC and PM2.5, 159
respectively. During the cloud-free periods, the instruments downstream of the GCVI were 160 manually shifted and connected to the ambient PM2.5 inlet. During the present study, three 161 cloud events (Cloud I, II, III, each with a RH constantly above 95% for more than 12 hours) 162 
Determinations of the mass concentrations of BC 169
The AE-31 and AE-33 measured the BC concentration at the wavelength of 880 nm, 170 which is typically represented as equivalent BC (EBC) (Petzold et al., 2013) . The EBC 171 concentration reported in the present study was measured using the AE-33 described in a 
Identification of BC-containing particles by the SPAMS 178
Both the vacuum aerodynamic diameter (dva) and the chemical compositions of the 179 individual particles were analyzed by the SPAMS, as briefly described in the Supplement. A 180 detailed description of the performance and the calibrations of the SPAMS can be found 181 elsewhere (Li et al., 2011a) . The mass spectra for ~75000 particles with dva values in the 182 range of 0.1-1.6 µm were obtained by the SPAMS over the study. The diameter is 183 represented herein as dva rather than the equivalent volume diameter (dve), the conversion 184 for which can be found in the supplement (DeCarlo et al., 2004; Hu et al., 2012 ). An 185 adaptive resonance theory-based neural network algorithm (ART-2a) was applied to cluster 186 the individual particles based on the presence and intensities of ion peaks (Song et al., 1999 ) 187 with a vigilance factor of 0.7, a learning rate of 0.05, and 20 iterations. Three BC particle 188 types were obtained: the mass spectra of particles with more carbon cluster ions (Cn +/-, n > 6) 189 and sulfate (BC-sul1), those with fewer carbon cluster ions (Cn +/-, n ≤ 6) and more intense 190 sulfate (BC-sul2), and those with an abundance of both sulfate and organics (BC-OC-sul). 191
The relative amount of OC to BC for the BC-OC-sul particles is significantly larger than 192 that in the BC-sul1 and BC-sul2 particles, as indicated in Fig. S2 . Over all of the detected 193 BC-containing particles, the BC-sul2 type is the most abundant (63%) particle type, 194 followed by the BC-sul1 (21%) and BC-OC-sul (16%) types. More detailed information 195 regarding the other particle types can be found elsewhere (Lin et al., 2017) . suggests that the in-cloud addition of secondary components shifted the BC-containing 258 particles towards larger sizes, which is discussed in the following section. Overall, our 259 observations suggest that the BC-containing particles were heavily coated at the 260 high-altitude site before they were incorporated into the cloud droplets and that the 261 15 in-cloud production of coating materials (e.g., ammonium sulfate) was present. Although 262 an abundance of BC-coated materials was also observed at Mt. Soledad by a single particle 263 soot photometer (Schroder et al., 2015) , the chemical compositions of the coated materials 264 cannot be obtained to provide further information on the mixing state of BC. Our analysis 265 further reflects the importance of the chemical mixing state on the cloud processing of BC. 266
The role of the mixing state on the scavenging of the BC-containing particles was 267 further investigated through a comparison of the individual particle types of the cloud-free, 268
cloud RES, and cloud INT BC-containing particles. As shown in Fig. 5 , the number 269 fraction of BC-OC-sul (~8%) was much lower in the cloud RES than those (~25%) in the 270 cloud-free and cloud INT BC-containing particles. Despite the different distributions of the 271 BC particle types, the BC-sul1 and BC-sul2 types were dominant, while the BC-OC-sul type 272 contributed only a limited fraction to the cloud RES BC-containing particles during each of 273 the cloud events. Consistently, the Nfact of the BC-OC-sul particles was generally lower 274 than 0.1 over the detected size range, which is much lower than those for the BC-sul1 and 275 BC-sul2 types (Fig. S6 ). Distinct differences in the mixing state accompanied the 276 observations of cloud RES BC-containing particles. The cloud RES BC-containing particles 277 with more sulfate and fewer organics were observed more frequently than those with more 278 organics and less sulfate (Fig. 5) . and all the detected particles were further investigated as a function of their size (Fig. 6) . ). 320
Similarly, Matsui (2016) suggested it is not correct to assume all BC-containing particles 321 to be CCN-active in a cloud that has low maximum supersaturation (i.e., 0.1%). Generally, 
Mfscav,EBC = EBCRES/(EBCRES + EBCINT) × 100% (R1) 362
Since the EBCRES and EBCINT were not simultaneously obtained using the AE-33, the 363 EBCINT measured concurrently by the AE-31 was applied in the calculation. The EBC 364 measured using the AE-31 is significantly correlated (R 2 = 0.9, p < 0.001) with and only 365 slightly lower than that measured by the AE-33, as shown in (Fig. S11)  377 impacted by different air masses, which is consistent with the highly aged state of the BC 378 observed in this study. These results indicate that the incorporation of BC into clouds was 379 dominantly controlled by its mixing state rather than other factors (e.g., the air mass or the 380 concentration of EBC) under low-LWC conditions (e.g., < 0.1 g m -3
). 381 382
Conclusions 383
The influences of the size and mixing state on the incorporation of BC in clouds were 384 investigated at a remote high-altitude mountain site in southern China. On average, the mass 385 concentration of EBC was 418 ± 248, 84 ± 75, and 198 ± 125 ng m INT particles. Errors were estimated assuming that the particle numbers detected by the 698
